A good Ag-based SERS substrate has been prepared by one-pot reaction using methyl cellulose as a template. Effects of methyl cellulose concentration, silver ammonia chloride solution concentration, reaction duration, and reducing agent on silver nanoparticles were discussed in this paper. The performance of the obtained Ag nanoparticles was characterized by UV-visible spectroscopy, transmission electron microscopy, and surface-enhanced Raman spectroscopy. Results show that the reducing agent plays a crucial role in the performance of silver nanoparticles. Optimum preparation conditions of synthesis of SERS substrates were as follows: 10 mM silver ammonia chloride and 0.2% MC at 75 ∘ C, reducing in 0.2% reducing agent at 120 min. TEM studies reveal that particles are mostly spherical and rod in shape with an average size of 80 nm. Silver nanoparticles prepared with MC as a template have been shown to provide strong SERS enhancement signals of R6G, which can be used as a good Ag-based SERS substrate in the analytical environment for routine measurements.
Background
Surface-enhanced Raman scattering (SERS) has been known and intensely studied for over 50 years. The possibility of utilizing colloidal dispersions of Ag or Au in aqueous solutions as a method for enhancing Raman scattering was first demonstrated by Creighton et al. in 1979 [1] . In recent years, with the ever-growing knowledge of plasmonic properties of nanomaterials and the constantly improved engineering capability, SERS has been transformed into a useful analytical technique with some significant advantages for sensitive chemical analysis and interfacial studies [2] [3] [4] [5] .
It is well known experimentally that the most intense SERS signals are obtained from molecules adsorbed to microscopically rough silver surfaces, such as silver colloids and silver nanoparticles of various shapes [6] [7] [8] [9] . Since the last decade a large spectrum of research has been focused to control the size and shape, which is crucial in tuning physical, chemical, and optical properties of nanomaterials. A large variety of synthetic approaches have been explored for the preparation of silver nanoparticles with different morphologies, for example, hydrothermal synthesis [10] [11] [12] , microemulsion [13, 14] , electrochemical deposition [15] [16] [17] , photochemical method [18, 19] , -ray irradiation, and so forth [20] [21] [22] .
Among these approaches "soft" templates are commonly used in order to obtain silver nanoparticles with different morphologies. A range of "soft" templates, such as PVP [23, 24] , poly (acrylic acid) [25] , CTAB [11] , SDS [26] , DNA [27] , have been used to prepare silver nanoparticles. Cellulose is the most important neutral polymer from renewable sources. The aqueous solution of MC contains size-confined, nanosized polls of intermolecular origin [28, 29] . The polyhydroxylated MC shows dynamic supramolecular association helped by intra-and intermolecular hydrogen bond forming molecular level pools, which act as template for nanoparticle growth. Furthermore, MC is inexpensive, easily obtainable, water-soluble, and easy to wash off. It is a nonionic polymer which contributes to the stabilization of ion concentrations [30, 31] .
In this work, we report a simple and effective approach to the aqueous phase synthesis of crystalline silver nanoparticles, which is based on the reduction of silver ions by trisodium citrate in the presence of polymeric stabilizer hydroxylpropyl methyl cellulose (MC). The surface-enhanced Raman scattering of the silver nanoparticles was also investigated.
Materials and Methods

Chemicals.
Silver nitrate, sodium citrate, R6G, and methyl cellulose (MC) were purchased from Sinopharm Chemical Reagent Beijing Co. Ltd. and were used without further purification. All solutions were prepared with distilled water.
Preparation of silver ammonia chloride: place 150 mL of water in a 500 mL beaker. Add 25 mL 0.3 M silver nitrate and 25 mL 1.0 M sodium chloride to the beaker to form the precipitate. Add 6.0 M ammonia to dissolve the silver chloride and produce the silver ammonia chloride.
Preparation of Nanoparticles.
Definite weight of MC (average molecular weight: 320,000-350,000; degree of polymerization: 1.5-2.0; viscosity: 4000 cps, 2% (w/v) in water at 20 ∘ C) was dissolved in 50 mL of distilled water under stirring. After complete dissolution, temperature of the reaction medium was raised to 75 ∘ C. 50 mL silver ammonia chloride solution (5 mM, 10 mM, 20 mM, or 30 mM) was then added dropwise to MC solution (MC concentrations were 0.1%, 0.15%, 0.2%, 0.3%, or 0.5%) keeping continuous stirring for 30 min. After the mixture was stirred for a given time (60 min, 90 min, 120 min, or 150 min), product was washed with water and centrifuged at 5000 rpm for 5 min, and the precipitate was dispersed in 10 mL of water.
Testing and Analysis.
UV-vis spectra of silver nanoparticles embedded in MC were tested from 200 to 800 nm by a CARY 50 Spectrophotometer (Hamilton Instrument, Kromatex). A solution containing MC alone was used as a blank.
Size and morphology of synthesized silver nanoparticles were characterized by a JSM-1010 Transmission Electron Microscope (TEM). Samples were prepared by placing a drop of the colloidal solution on a 400 mesh copper grid coated by an amorphous carbon film and evaporating the solvent at room temperature.
To characterize the SERS activity for Ag nanoparticles, the silver colloidal solution was initially concentrated by centrifugation at 5,000 rpm for 5 min, discarding the supernatant and keeping the final concentrated colloids for later use. 5 L of concentrated Ag colloids was then dropped on the surface of a rectangle aluminum plate. Then, 5 L of a R6G (10 −7 M) or aqueous solution was added into the concentrated Ag colloids to measure SERS spectroscopy. SERS spectra were recorded with a confocal Raman micro-spectrometer (Renishaw, UK) in the range of 300-1800 cm −1 under a 785 nm diode laser excitation. The laser power is 5 mW. Spectra were collected in backscattering geometry using a microscope equipped with a Leica 20× objective (NA = 0.4) with a spectral resolution of 2 cm −1 ; the detection of Raman signal was carried out with a Peltier cooled charge-coupled device (CCD) camera. The software package WIRE 2.0 (Renishaw) was employed for spectral acquisition and analysis. SERS spectra were acquired with a 10 s integration time. Three spectra were collected to take average from different locations for each sample to ensure representative sampling and incorporate spot-to-spot variability in the signal.
Results and Discussion
Effect of MC Concentration.
Different concentrations (0.1%, 0.15%, 0.2%, 0.3%, and 0.5%) of MC were used to assist the growth of silver nanoparticles via the reduction of silver ammonia chloride (10 mM) with sodium citrate (0.1%) at fixed temperature of 75 ∘ C. Effect of different concentrations of MC on the shape, size, and dispersity of Ag nanoparticles is truly noticeable from the TEM images ( Figure 1 ). As seen in Figure 1 , concentration of MC (from 0.1% to 0.5%) has significant effect on reduction efficiency, particle shape, and particle size ( UV-vis absorption spectra and SERS spectra of the produced silver nanoparticles were recorded in each case after fixed duration of 120 min (Figure 2 ). Figure 2 (a) shows UVvis spectra of silver colloid obtained using MC as stabilizing agent. It is clear that the concentration of MC has a great effect on the absorption peak.
Results reveal that the absorption intensity increases initially with the increase in the MC concentration and then reaches a maximum when MC concentration was 0.3%. A further increase in the MC concentration results in a decrease in the absorption intensity. This could be ascribed to the high viscosity of MC which represented an impediment to the rate of reducing silver ion by sodium citrate and indicated a tendency towards aggregation. This can be identified by the SEM image in Figure 1 (e).
Figure 2(b) shows SERS spectra of silver nanoparticles prepared under different concentrations of MC using Rhodamine 6G (R6G) (10 −7 M) as a probe molecule. It can be seen that silver nanoparticles have been shown to provide elegant SERS signals of R6G. SERS performance of silver nanoparticles prepared under 0.2% concentrations of MC is superior to others. Raman signal can be amplified by adsorbing R6G on the surface of metal nanoparticles and amplification as high as 10 5 . Metallic nanostructures have significant effect on the SERS enhancement. It is well known that Raman enhancement is associated with plasmonic "hot spots", which occur Journal of Nanomaterials Figure 2 : UV-vis spectra and SERS spectra of silver nanoparticles prepared using different MC concentrations. Reaction conditions: 50 mL of MC and 0.1% sodium citrate; 50 mL 10 mM silver ammonia chloride; temperature, 75 ∘ C; duration, 120 min.
near the contact point of metallic nanoparticles or nanogaps between two or more particles [32] . The "rough surface" can act as "hot sites" for surface plasma. From the comparison of Raman spectra of R6G (10 −7 M) in Figure 2 (b), the Raman enhancement of silver nanoparticles prepared under 0.2% concentration of MC is better than others. This can be identified by the SEM image in Figure 1(c) . As shown in Figure 1 (c), particles are mostly spherical and rod in shape, which easily appear as "rough surface, " such as edges, corners, and protuberances [33] . 10 mM, 20 mM, and 30 mM via the reduction with sodium citrate (0.1%) at fixed temperature of 75 ∘ C. Effect of different concentrations of silver ammonia chloride on the shape, size, and dispersity of Ag nanoparticles is truly noticeable from the TEM images ( Figure 3) .
Concentration of Silver Ammonia
As seen in Figures 3(a)-3(d) , when concentration of silver ammonia chloride is 5 mM, particles are mostly spherical in shape with size ranges of 60 nm. With concentration of silver ammonia chloride increasing, particles are mostly rod and spherical in shape with an average size of 75 nm. Further increasing the concentration of silver ammonia chloride to 30 mM, particles are mostly spherical in shape with size ranges from 20 nm to 110 nm.
UV-vis absorption spectra and SERS spectra of the soproduced silver nanoparticles were recorded in each case after fixed duration of 120 min (Figure 4) .
The data in Figure 4 (a) shows UV-vis spectra of the silver colloid obtained using MC as stabilizing agent at different silver ammonia chloride concentrations. Results reveal that similar plasmon bands are formed at wavelength 440 nm with the formation of the ideal bell shape which is characteristic for the formation of silver nanoparticles. Absorption band shifts from 433 nm to 441 nm by increasing silver ammonia chloride concentrations from 5 mM to 10 mM. This indicated that silver nanoparticles became bigger, which can be identified by the SEM image in Figure 3 .
There is a gradual increase in absorption intensity, by increasing silver ammonia chloride concentration up to 10 mM. Further increasing silver ammonia chloride concentration, absorption intensity decreased, the plasmon band is broadened, and simple test for silver ion using NaCl solution indicates low conversion of silver ions to metallic silver nanoparticles. When silver ammonia chloride concentrations increased to 30 mM, the absorption intensity decreased and exhibited a broad band, which indicated the formation of silver nanoparticles with higher aggregation. These results are in agreement with the SEM image in Figure 3(d) .
The data in Figure 4 (b) shows SERS spectra of silver nanoparticles synthesized with different silver ammonia chloride concentrations using R6G (10 −7 M) as a probe molecule. Results reveal that silver ammonia chloride concentrations have significant effect on the enhancement performance of silver nanoparticles. Silver nanoparticles prepared under 20 mM silver ammonia chloride have been shown to provide SERS signals of R6G which are stronger than others.
Although the surface of silver nanoparticles prepared under 20 mM silver ammonia chloride showed "rougher" and the Raman signal is stronger than others, the baseline is not as good as silver nanoparticles prepared under 10 mM. Considering the size and morphology of nanoparticles, the optimum silver ammonia chloride concentration was 10 mM.
Effect of the Reducing Agent.
Effect of different concentrations of sodium citrate on the shape, size, and dispersity of Ag nanoparticles is truly noticeable from the TEM images (Figure 5) . Figure 5 reveals that the number of Ag nanoparticles increases by increasing the concentration of sodium citrate from 0.05% to 0.3%. Figure 4 : UV-vis spectra and SERS spectra of silver nanoparticles prepared using different silver ammonia chloride concentrations. Reaction conditions: 50 mL of 0.2% MC and 0.1% sodium citrate; 50 mL silver ammonia chloride; temperature, 75 ∘ C; duration, 120 min. Figure 6 shows UV-vis absorption spectra and SERS spectra of silver nanoparticle prepared at different concentrations of sodium citrate (0.05%, 0.1%, 0.2%, or 0.3%), with 0.2% MC and 75 ∘ C after fixed duration of 120 min The experiments indicated that the concentration of sodium citrate played a significant role in the formation of the silver nanoparticles. It is clear that there is a gradual increase in the absorption intensity by increasing the sodium citrate concentration, which could be ascribed to amounts of silver ion reduced and used for cluster formation. With increasing the sodium citrate concentration, the absorption band shifts from 440 nm to 455 nm, which indicated that the diameter of silver nanoparticles became bigger.
To demonstrate the enhancement of Raman spectral intensity for the silver nanoparticles substrate, SERS spectra of R6G on silver nanoparticles are shown in Figure 6 (b). Figure 7 : UV-vis spectra and SERS spectra of silver nanoparticles prepared at different durations. Reaction conditions: 50 mL of 0.2% MC and 0.2% sodium citrate; 50 mL 10 mM silver ammonia chloride; temperature, 75 ∘ C.
We found remarkable enhancements in the SERS spectrum of R6G adsorbed on the silver nanoparticles prepared at 0.2% concentrations of sodium citrate compared with those adsorbed on the other silver nanoparticles. The "rough surface" of silver nanoparticles can act as "hot sites" for surface plasma. The silver nanoparticles show stronger Raman enhancement with rougher surface of silver nanoparticles. Results show that the density of silver nanoparticles also has a significant effect on the Raman enhancement. The optimum concentration of sodium citrate is 0.2%.
Effect of Reaction Duration. Preparation of silver nanoparticles was carried out at 75
∘ C with 0.2% MC, and samples from the reaction medium were withdrawn at different time intervals, namely, 60 min, 90 min, 120 min, 150 min, and 180 min, for recording the UV-vis absorption spectra and the SERS spectra of the formed silver nanoparticles at these time intervals (Figure 7) .
The data in Figure 7 (a) reveal that there is a gradual increase in the absorption intensity by increasing reaction duration up to 120 min. When the reaction duration is 60 min, the plasmon band is broadened, which indicates that conversion rate of silver ions to metallic silver nanoparticles is low. When the reaction duration is more than 90 min, the plasmon intensity leads to outstanding enhancement, which indicates that large amounts of silver ions are reduced and used. Further prolonging reaction duration, absorption intensity decreased. Absorption band shifts from 440 nm to 446 nm, which indicates higher aggregation of silver nanoparticles.
The data in Figure 7 (b) reveal that the silver nanoparticles have been shown to provide elegant SERS signals of R6G. The Raman signal can be amplified by adsorbing the R6G on Journal of Nanomaterials 7 the surface of metal nanoparticles and amplification as high as 10
5 . SERS performance of silver nanoparticles prepared at 120 min is superior to others. Based on the above, optimum duration for the preparation of silver nanoparticles is 120 min. These results are in agreement with the expected data obtained from the UV-vis spectra (Figure 7(a) ).
Conclusions
In summary, a good Ag-based SERS substrate has been prepared by a simple and low-cost method with MC as a template. Results show that the MC concentration and reducing agent play a crucial role in performance of silver nanoparticles. Optimum preparation conditions of synthesis of SERS substrates were as follows: 10 mM silver ammonia chloride and 0.2% concentration of MC at 75 ∘ C, then reducing in 0.2% reducing agent at 120 min. Silver nanoparticles prepared with MC as a template have more remarkable enhancements in the SERS spectrum of R6G, which can be used as a good Ag-based SERS substrate in the analytical environment for routine measurements.
